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CHAPTER 1

INTRODUCTION

1.1 Introduction

This study considers the scheduling problems in a flexible flow line (FFL), also

called a flexible flow shop (FFS), a hybrid flow shop (HFS), or a flow shop with

multiple processors (FSMP). A typical FFL scheduling problem can be defined as

follows: there are N jobs passing through a J stage(s) flow line with one or more parallel

machines at each stage. There are unlimited intermediate stages between two

successive stages. The flow of jobs through the shop is unidirectional and moves from

the first stage to the last stage in order. Figure 1 illustrates the physical relationship

between the machines and stages. Flexible flow lines occur in many different

manufacturing environments, including electronics manufacturing (Wittrock 1988), the

packaging industry (Adler et al. 1993), the pharmaceutical sector (Guinet and Solomon

1996), glass container fabrication (Leon and Ramamoorthy 1997), automobile assembly

(Agnetis et al. 1997), printed circuit board (PCB) assembly (Jin et al. 2002, Sawik

2002), PCB fabrication (Alisantoso et al. 2003, Lee et al. 2003, Choi et al. 2005),

multilayer ceramic capacitor (MLCC) manufacturing (Yang et al. 2004), leadframe
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Figure 1. An example of a flexible flow line

manufacturing (Lee et al. 2004), ceramic tile manufacturing (Ruiz and Maroto 2006),

and metal forming, plastic injection, weaving, and assemblies (Jenabi et al. 2007).

The bottleneck phenomena occur frequently in many manufacturing systems.

Goldratt and Cox (1992) stated the idea that bottleneck resources govern overall system

performance. Bottleneck management is a very important task on the shop floor and is

extremely effective in production scheduling. Scheduling approaches for flow shop

and job shop problems with bottleneck stages usually include three steps (Adler et al.

1993, Pinedo 2002): (1) identify bottleneck stage, (2) schedule bottleneck stage, and (3)

schedule non-bottleneck stages. The drum-buffer-rope (DBR) scheduling method

proposed by Goldratt and Fox (1986), deriving from the theory of constraint (TOC), is a

renowned approach. This method concentrates on scheduling constraint resources

(bottleneck resources) and deals with other resources (non-bottleneck resources)
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casually. However, Conway (1997) stated that it is often important to schedule

subordinate resources carefully to ensure timely support of constraint resources.

Therefore, several researchers have developed scheduling approaches, which take all

machines into consideration, to solve scheduling problems with bottleneck stages.

Several researchers considered full resource and presented bottleneck-based

methods to solve FFL and flow shop problems. Chen and Lee (1998) suggested a

bottleneck-based group scheduling procedure to solve flow line cell scheduling

problems. The procedure was based on the bottleneck machine and attempted to fully

utilize the bottleneck machine and minimize makespan. Lee et al. (2004) developed a

bottleneck-based heuristic to solve a multi-stage hybrid flow shop problem with

identical parallel machines at each stage and with minimum total tardiness as the

objective. The heuristic first focuses on the bottleneck stage, constructs the schedule

of the bottleneck stage, and constructs schedules for other stages based on the schedule

of the bottleneck stage. The heuristic uses the sum of processing times of a job at the

upstream stages to be the arrival time of the job at the bottleneck stage. If the

procedure results in an infeasible schedule, then the arrival times of the jobs at the

bottleneck stages will be iteratively modified until a feasible schedule is obtained.

They compared the performance of eight well-known dispatching rules and the
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bottleneck-based heuristic. The computational results showed that the heuristic

dominated all the dispatching rules. Rajendran and Alicke (2007) considered the

problem of dispatching in flowshop with bottleneck machines. Their objective was to

develop dispatching rules to solve flowshop scheduling problems. Three measures of

performance are, to minimize total flowtime, to minimize the sum of earliness and

tardiness, and to minimize total tardiness, considered separately.

Unrelated parallel machine manufacturing systems are common in real-world

factories. This may be because factories want to extend the capacity of their

production and supplementary parallel machines may be added at certain stages. Load

imbalance is another factor leading to the supplementing of machines at certain stages.

In addition, unrelated parallel machines may exist in stages due to the coexistence of

new and old machines. Unrelated parallel machine scheduling can be found in

real-world manufacturing environments, such as the drilling operations of PCB

fabrication (Yu et al. 2002, Hsieh et al. 2003) and semiconductor wafer manufacturing

(Kim et al. 2003). Since these manufacturing systems usually include a large number

of stages, they can be classified as flexible flow lines with unrelated parallel machine

problems. Ruiz and Maroto (2006) presented a ceramic tile manufacturing system as a

flexible flow line with unrelated parallel machine problems.
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For the last few decades, many researchers have studied FFL scheduling problems.

As surveyed in Linn and Zhang (1999), most of the studies consider only two or three

stages, identical parallel machines, and throughput related measures, such as makespan

and total flow time. Lately, there have been studies concerning multiple stages

(Azizoglu et al. 2001, Lee et al. 2004, Yang et al. 2004). However, most of them have

dealt with multiple stages involving identical parallel machines. To the best of our

knowledge, flexible flow lines with unrelated parallel machines and a bottleneck stage

scheduling problems are rarely solved. The flexible flow line is a NP-hard problem,

which essentially measures performance to minimize makespan, to minimize the

number of tardy jobs, or to minimize total tardiness, considered respectively. It

requires much computational time to find the optimal solution. A heuristic is an

acceptable practice to find a such solutions. Therefore, in this study, we consider FFL

scheduling problems with unrelated parallel machines and a bottleneck stage. Several

bottleneck-based heuristics are developed to solve these problems.

1.2 Objective of the Study

In this research, we study the deterministic FFL scheduling problems with

unrelated parallel machines and with a bottleneck stage. The number of jobs, the
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number of machines, and the processing time of each job on each machine are known in

advance. The objectives of the problems are to minimize makespan, to minimize the

number of tardy jobs, and to minimize total tardiness. These three objectives are

strongly related to performance measures such as machine utilization and the degree of

customer satisfaction. These performance measures are also the indices commonly

used for a manufacturing system. Several bottleneck-based heuristics are proposed to

solve problems, and these heuristics are examined in unrelated parallel machine and

identical parallel machine environments. A large number of well-defined production

scenarios have been generated to compare the performance of the proposed heuristics

with several well-known dispatching rules and heuristics.

The remainder of this study is organized as follows. In Chapter 2 we provide a

literature review. Chapter 3 presents the proposed heuristics. Chapter 4 describes

and analyzes computational experiments. Finally, section 5 summarizes the major

findings of this research and proposes some further research.


